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MACROOVCUC AMINOPHOSPHONIC A0.0 COMPOS, THEIR PREPARATION, FORMULATIONS ANO 

(Job 

The present invention concerns 
cancer, especially the treatment of c-edtetumo ^^^^Jngj^tt a radionuclide com- 

P s r rs a :sr:i^rr: - — - ~ ,ic 

The pain, pathological fractures, frequent "^^^.^^SiES The number of patients 
metastatic lesions significantly decrease »**^«**^ who contract breast, lung or • 

that contract metastatic disease s ^9° are also seen in patients with 

,o prostate carcinoma will eventually develop bone ^JJ^^Iw. but collectively, these represent less 
carcinoma of the kidney. thyro.d. bladder cervix ana ' • „ rarely | lfe threatening 

than 20 percent of patients who ^J^^^^S^^ Initially, treatment goals 

, 5 Clearly, it is hoped that some of the cancers ' c ^ be ^ fc the bone dates back to the early 1950's 
The use of radionuclides for treatment of «ncer metasu acto t for ^ of 

,t has been proposed to inject a ' adi ° ac ^ the bone lesion with minima, 

calcific lesions, it is desirable that such nudkta ^^^"JZptorus (P-32 and P-33) compounds 
amounts reaching the soft tissue and norma \^^^^^ the use 0 f these compounds. [See 
20 have been proposed, but the nuclear and JJ*J ° patent 

- rs ^ = 

2s therapeutic radiation dose. (See U.S. P "T* 4i399 * 1 IJv^ d i scuss ed In published European patent 
The uee of radionuclides lor catatk , U.m» *W J ^7S ^exed «Hh certain 

^r^rZ^-^^c^ " Mro^v^antlne^ac^ ac« 

"""^rroi^r oeen proposed *r 

Pharmacol. 93, 199-205(1974).] rera>rted which employed H31 labeled a-amino-{3- 

JiJSSSssSaS^^ 

of this compound. f ^ above noted problems. The present 

Surprisingly, the present ^^A^ complexed with a macrocyclic 

invention concerns at least J^^^ 

aminophosphonic acd. ^"^^^SS^m minimal damage to norma, tissues when 
50 SSSSa'SCR Ta ,::in%^sing, the Present complex is more effecfive at a lower 
Rgand to metal molar ratio than has been *^^^^S^m a complex having (1) a macrocyclic 
amr^ - - maCr ° CydiC m0iety ' " 3 PhYS " 
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iologically acceptable salt thereof, wherein the nitrogen and phosphorous are interconnected by an alkylene 
or substituted alkylene radical of the formula 



20 



I 



T 



(i) 



n 



^in. y ,nrt y are indeoendentlv hydrogen, hydroxyl, carboxyl. phosphonic, or hydrocarbon radicals 
aminophosphonic acid of the structure 
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F 1 



I— N N-] (II) 

— N N — ' 



B 

wherein: substituents A, B, C and D are independently hydrogen, hydrocarbon radicals having from 1-8 
carbon atoms, or a moiety of the formula 



x\ 
I 

C C00H 



VI 



P03H2 



or 



OH; 



can be adm nistered as a formulation with suitable pharmaceutical* acceptable earners. The present 
indention mdudes the use of the complex, composition or formulation described herein in combmattor wrth 
one or more o^er agents, drugs, treatments and/or radiation sources which ass.st m therapy of calcfic 

^^LT^m^^ »ese complexes have been found useful 

in animals. The administration of the therapeutic compositions can be pall.at.ve to the an ma,, ^ mmpl 
byTlevTating pain and/or inhibiting tumor growth and/or causing regression of ^ < ^^2^ 
Smors As will be more fully discussed later, the properties of the rad.onucl.de. of the ^rocychc 
a^nophoaphonic acid and of the complex formed therefrom are important cons.derat.ons ,n determ.n,ng 
the effectiveness of any particular composition employed for such treatment. 

t TSSZ the present invention also includes formulations having at least one of the radionuclides) 
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rnmni «,d with at least one of the macrocyclic aminophosphonic acids as defined abov , especially those 
SScS^S^^ oi Formula (II). and a pharmaceutical* acceptable carrier, exapient or 
vThTcte tnereS Th methods for preparing such formulations are well known. The formu at.ons are s enle 
ano may be * the form of a suspension, injectable solution or other suitable pharmac eut.ca.ly acceptable 
5 formes Pharmaceutically acceptable suspending media, with or without adjuvants, may be usee The 
sterile comoositions are suitable for administration to an animal where.n the composite .s defined as 
before and has the radionuclide in dosage form present in an amount containing at least 0.02 : mO per 
Sram of body weight of said animal, preferably at least 0.2 mCi per kilogram of body we,ght of sa,d 

,n ^Article-emitting radionuclides employed in the compositions of the invention are capable of delivering a 

t« ^77\ vttrium-90 (Y-90) and Gadolinium-159 (Gd-159). j 

^ForTe purpose o, convenience, the composrtons having a radionuc.ide-macrocychc 
acid complex of the present invention will frequently be referred to herein as -dionucUde commons o 
"compositions" and the macrocyclic aminophosphonic acid der.vat.ve referred to as the l.gand or 

20 "'Tused herein, the term "animals" means warm blooded mammals and iS meant * 

encomoass animals in need of treatment for calcific tumors or in need of rel.ef of bone pam 

TTterr^ca.cif,c tumors" includes primary tumors, where the skeletal system » .the first ste of 
involvement invasive tumors where the primary tumor invades the skeletal system or other tissue , tumors 
wwch Sy and metastatic bone cancer where the neop.asm spreads from other pnmary s.tes. e.g. 

able salts thereof are considered equivalent in the therapeutically effective compos.t.ons. Phys olog.cal y 
accepSe salts refer to the acid addition salts of those bases which will form a sait with at least one aod 
oSup^ me ngand or ligands employed and which will not cause a significant adverse ' P*^°«**" 

30 when administered to an animal at dosages consistent with good pharmacolog.cal pract.ee; some examples 
oTsuch p aSce are described herein. Suitable bases include, for example, the alkal. metal and Ikalme 
ear? TJS^lortttl carbonates, and bicarbonates such as sodium hydroxide, potass.um hydrox.de. 
cSum hydroxkle. potassium carbonate, sodium bicarbonate, magnesium carbonate and the l.ke. amrnon.a 
onmar^ seconWand tertiary amines and the like. Physiologically acceptable salts may be prepared by 

35 SSfc aminophosphonic acid as defined above, especially those of Formula (II). w,h an 

^trmuTations of the present invention are in the solid or liquid form 
rartinnMHida comDlexed with the ligand. These formulations may be In kit form such that the two 
££££ "e mixed atte appropriate time prior to use. Whether premixed or as a kit. the formulations 
<o usSy reti" ^phTrmaceuticaJly acceptable carrier. Add.tiona.ly. for stability and other fatfor* If the 
tormuL?ns are compiexed with the radionuclide prior to shipment to the ultimate user »J 
haTg tne complex and buffer present are frozen in a kit form, and which frozen formulation Is later thawed 

^'inTeSe compositions of the present invention may be either in suspension or ^iujon form In the 
4S preparation of suitable formulations it will be recognized that, in general, the water solubill* of jhi sal s 
a eater man the free acid. In solution form the complex (or when desired the separate components) is 
d ss^fn a ^harnTaceutically acceptable carrier. Such carriers comprise a suitable solvent, preservatives 
JSTJiinSiol. » needed and buffers. Useful solvents Include, for example, water aqueous, 
allots, gfycols. and phosphonate or carbonate esters. Such aqueous solutions contain no more than 50 

S ° Pe Tn^e e SS^S^- of the present Invention require a liquid suspending medium 
with TSovX adjuvants, as a carrier. The suspending medium can be. for example, aqueous iP^*T 
rrdone inert oils such as vegetable oils or highly refined mineral oils, or aqueous carboxymemlycellulose^ 
SS' physiotogically acceptable adjuvants, if necessary to keep the compiex in suspension, may be 

ss chosen from among thickners such as carboxymethy. cellulose, po.yv.ny.pyrm do ne Bj-JfJJJ 
alcinates Many surfactants are also useful as suspending agents, for example, lecth.n. alkylphenol. 
S^JI^rSSat. naphthalenesuifonates, alkylbenzenesulfonates. and the po.yoxyethylene , aor- 
IZ San? substances which effect the hydrophibicity. density, and surface tension of the l.qu.d 
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susoens ,.n toedton, can as** ,n ^ " '"*' dUal ^ " — * 

^p^rts,^ - ffie B,esen ' inv,n "°" " U " m certa ' n 

criteria insofar as possible as discussed below. Wh „ the pr0 p e rties of the radionuclide are 

One criteria concerns the se.ect.on of the "^J^^^JJ P the ra dionuclide-macrocyclic 
important, the overall propert.es of the compos .t.on o ^ Qf ^ onQ property may be 

0 ™r^ ,isand or radionuc,ide and the,r 

ZSEZ * Tempioyed in the composi« be >^ ^ fay which |t is possible to delivery 
There is a need for compositions possess.ng the fol owmg erne y ^ ^ 

therapeutic radiation doses to calc ifio tumors _w£ w-nj J^. Most parf cu.ar» y , uptake 
radionuclide must be delivered P* 1 ^^ J^^^Sl^. the radionuclide should be cleared 

* Jh — - 1 shou,d clear rapid,y 

5 ,r ° m T r proposed use for the compositions and ^i^^tS 
calcific tumors in animals. As . l ~T 1 ^l2i ^ottSJ^SJTS^^Weli calcify, or metastatic bone 

0 - ca,cific ws by de,iverin9 a 

therapeutic radiation dose. .Hmintatarad as a single dose or as multiple doses over a 

IMd to M catoHfc Mno,s -»^^^J^ lm ^ M "JLd » ~» « «h= natuf * °* «" 

useful but not therapeutic. fnrmu . at | 0 n of this invention for use in this invention is at least 

A suitable dose of the compos.t.on f„^'^ v " e dosQl . of tne comp osition or formulation 
about 0.02 mCi per Kg of body weight. A ^^^^ | per Kg of body weight. 
3S of this invention for use in this invention .s at least f ^ ^ P ^ ly be administered, generally by 
The effective amount used to treat cal c.fic tumore w. I ^ ^ t0 be administered to 

administration into the bloodstream in "J^^JS^^J^ standard procedures, 
achieve such treatment are read.ly d ^ ,n ^ n ^^ " ^ndWonS which allow the two to form a 
The radionuclide and ligand may be comb ned under any cona, no ^ choiC9 of 

<o complex. Generally, mixing in water at a controlled P H Ota cho.ee of pM P^ ^ ^ ta & 

sr«isr - - — de from the 

,i9a T d he macrocylic aminophosphonic jc, d ff« 
at least about 1:1. preferably from 1:1 o ^•™^*f** f ot ner amSophosphonic acid complexes result 
consistent with excellent skeletal agents ^T^tS^TSSw no. used. A large excess of 
in some localization in soft tissue (e.g. liver) exces ^°V n ^ ° he 9 oatient or ma y result in cardiac arrest 
lig and is undesirable since uncompleted ^^^o^^o ^ Lands are useful when 
or hypocalcemic convulsions. In add* on. the t ^™ P * jfic activity) . ,„ this case, the 

50 XT^Z^^s rr-S - JP- — amounts of ac* in the bone 
than is possible when using non-cyclic Scally effective composition or formula- 

/^rr/-i , rrs. , «« UM77. -ss. ™ an. 
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radionuclides sequentially. It may be possible to achieve the same beneficial results of high delivery of the 
radionuclide to the area of the tumor, but with little soft tissue damage, by administering the ligand and the 
radionuclide in a manner which allows formation of the radionucllde-chelant complex in situ such as by 
simultaneous or near simultaneous administration of the radionuclide and an appropriate amount of ligand or 

s by the administration of ligand and a radionuclide complexed with a weaker ligand. i.e., one wh.cn 
undergoes ligand exchange with the ligands of this invention, such that the desired radionuclide-chelant 
complex is formed via ligand exchange in situ. The composition or formulation may be administered as a 
single dose or as multiple doses over a longer period of time. 

Aminophosphonic acids can be prepared by a number of known synthetic techniques. Of particular 

10 importance is the reaction of a compound containing at least one reactive amine hydrogen with a carbonyl 
compound (aldehyde or ketone) and phosphorous acid or derivative thereof. The amine precursor (1,4,7.10- 
tetraazacyclododecane) employed in making the macrocyclic aminophosphonic acids is a commercially 
available material. 

Methods for carboxyalkylating to give amine derivatives containing a carboxyalkyl group are well known 
js (U.S. 3.726.912) as are the methods which give alkyj phosphonic and hydroxyalkyl (U.S. 3.398.198) 
substituents on the amine nitrogens. < . . , 

Radionuclides can be produced in several ways. In a nuclear reactor, a nucl.de is bombarded with 

neutrons to obtain a radionuclide, e.g. 
Sm-152 + neutron — Sm-153 + gamma. 

20 Another process for obtaining radionuclides is by bombarding nuclides with linear accelerator or 
cyclotron-produced particles. Yet another way of obtaining radionuclides is to isolate them from fission 
product mixtures. The process for obtaining the radionuclide is not critical to the present invention. 

For example, to irradiate Sm 2 0 3 for production of Sm-153. the desired amount of target was first 
weighed into a quartz vial, the vial was flame sealed under vacuum and welded into an aluminum can. The 

25 can was irradiated for the desired length of time, cooled for several hours and opened remotely in a hot 
cell The quartz vial was removed and transferred to a glove box. crushed into a glass vial which was then 
sealed with a rubber septum and an aluminum crimp cap. One milliliter of 1 to 4M HCI was then added to 
the vial via syringe to dissolve the SmzOa. Once dissolved, the solution was diluted to the appropriate 
volume by addition of water. The solution was removed from the original dissolution vial which contains 

30 chards of the crushed quartz vial and transferred via syringe to a clean glass serum vial. This solution was 
then used for complex preparation. Similar procedures can be used to prepare Lu-177. Yb-17S, Gd-159. Y- 

90 and Ho-166. t ,. t _ 

The invention described herein provides a means of delivering a therapeutic amount of radioactivity to 
calcific tumors. However, it may also be desirable to administer a "sub-therapeutic" amount (i.e. "useful 
as amount") to determine the fate of the radionuclide using a scintillation camera prior to administering a 
therapeutic dose. Therapeutic doses will be administered in sufficient amounts to alleviate pain and/or 
inhibit tumor growth and/or cause regression of tumors and/or kill the tumor. Amounts of radionuclide 
needed to provide the desired therapeutic dose will be determined experimentally and optimized for each 
particular composition. The amount of radioactivity required to deliver a therapeutic dose will vary with the 
4o individual composition employed. For example, less activity will-, be needed for radionuclides with longer 
half-lives The energy of the emissions will also be a factor in determining the amount of activity necessary. 
The composition to be administered may be given in a single treatment or fractionated into several portions 
and administered at different times. Administering the composition in fractionated doses may make it 
possible to minimize damage to non-target tissue. Such multiple dose administration may be more effective. 
4S The compositions of the present invention may be used in conjunction with other active agents and/or 
ingredients that enhance the therapeutic effectiveness of the compositions and/or facilitate easier admin- 
istration of the compositions. 

Studies to determine the qualitative biodistribution of the various radionuclides were conducted by 
injecting the compositions into rats and obtaining the gamma ray images of the entire animal at various 
so times up to two hours after injection. . . 

Quantitative biodistributions were obtained by injecting 50-100 microliters of the composition into the tail 
. - vein of unanesthetlzed male Sprague Dawley rats. The rats were then placed in cages lined with absorbent 
paper in order to collect ail urine excreted prior to sacrifice. After a given period of time, the rats were 
sacrificed by cervical dislocation and the various tissues dissected. The samples were then nnsed with 
ss salin . blotted dry on absorbent paper and weighed. The radioactivity in the samples was measured with a 
Nal scintillation counter. 

The following examples are included to aid in the understanding of the invention but are not to be 
construed as limiting the invention. 
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Preparation of Starting Materials 



5 Example A: Preparation of POTMP 

ln a 10 0-m, three nicked -n'r^ 
heating mantle was added 3.48 g (20.2 mm ^?l HC. and rT ^ of H3PO3 (87.8 mmole) and heated to 
solution was treated with 17.2 mL of concentrated HCI ™*]?JJ"*™ ^ 13 g (160.2 mmole) of 
I0 105'C. The refluxing suspension tLVthe reaction was 

formaldehyde (37 wt percent in wate D over o e hour PJJJ^J^ react|on solution at)0 wed to 
heated at reflux an additional 2 hours after ^ £ then cencentrated /n , a cuo at 

cool and set at room temperature for 62.5 hours_ The ^reaction semisolid which 

40 *C to a viscous reddish brown semisolid. A 30 m ^portion ' ^^ wa ^ d int0 400 mL of 

„ started to dissolve but then began to ^J^JZS^^ filte ' ed dri9d ° Vemi9ht 
acetone with vigorously T 2 0 gT^mTofe) sample of the crude DOTMP was 

to give 10.69 g (97 percent yield) of crude DOTMP. A ammonium hydroxide (10.0 mmole) in 

dissoived in 2 mL of water by then added all at once to 4.5 mL of 3N 

100 UL portions to give a solution at pH of 2-3. Th. ' (g ^ begun fc 

g (60 percent yield) of white crystalline solid DOTMP. 

25 

Example B: Preparation of DOTMP 

A 250 mL three-necked. round-bottomec , J* : w« loaded wl* 6 .96 J^SS^TSL^-i - ^ 11 S 
3 o tetraazacyclododecane. To this flask was added 14 5 g (0 177 moles) ot pnosp 

iionized" water and 28 ml of ^^^^1^^^^ * thermometer adapted with 
The flask was attached to a reflux condenser and fitted with a stir oa formaldehyde 
a thermowatch controller. A separate solution 0 2M 9 ZS^vL flask was brought to reflux 

solution was added to a 100 mL addition ^ added dropwise over a 

^rSSon was transferred to a 50C , «L -^ZVZ^ZT Ll^ZZ 
evaporation apparatus. The solution was taken down » a <^J2*^ L " HPLC grade acetone 
«, never exceeded 40' C). This semi-so.id .^J^S^ESnfS ir and added slowly with 
producing a light brown, sticky v.scous ^^^^SS^ ^W colored oil dried under vacuum 

(36 percent yield). mmole) of DOTMP from above in 3 mL of 

A further purification was performed by d.s sol v ng ^3 0 g 5.47 mmole) of ^ ^ 

water by the addition of 2.2 mL (31.5 ^ ^^^^^^ which time a white so.id 
made acidic by the addition of 2.4 mL (2&8 rnmoie) or _conc q{ purified 



spectrum. 



55 Example C: Preparation of Sm-153 

~~~ -1 , ^o^tnr *.ieh as the University of Missouri Research Reactor. Sm-153 is 

pJS" 'SSK'SS ^TSSS ~ ,n »e M row ^ . a ne uTO te - . . 
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10 



10«3 neutron/ten*- sec. Irradiations were generally carried out for 50 to 60 hours, yielding a Sm-153 specific 

activity of 1000-1300 Ci/g. 

To irradiate Sm 2 0 3 for production of Sm-153. the desired amount of target is first weighed into a quartz 
vial the vial flam sealed under vacuum and welded into an aluminum can. The can is irradiated for the 
desired length of time, cooled for several hours and opened remotely in a hot ceil The quartz vial is 
removed and transferred to a glove box. opened into a glass vial which is then sealed. An appropriate 
amount of a solution of hydrochloric acid is then added to the vial via synnge in order to dissolve the 
Sm 2 0 3 . Once the Sm 2 0 3 is dissolved, the Samarium solution is diluted to the appropriate volume by 
addition of water. The solution is removed from the original dissolution vial which contains the chards of the 
quartz irradiation vial, and transferred via syringe to a clean glass serum vial. 



20 



Example D: Preparation of Ho- 166 

Holmium-166 is prepared by weighing 0.5-1.0 mg of,Ho 8 0 3 into a quartz vial The viaJ £ sealed l and 
placed in an aluminum can which is welded shut. The sample is irradiated (usually for about 24-72 hours) n 
The reactor (first row reflector, neutron flux of 8 x 10" neutron/cm* "sec). After irradiation, the v,al is opened 
and Z oxide is dissolved using 4N HCI. Heating may be necessary. Water is then used to dilute the 
sample to an appropriate volume. 

Example E: Preparation of Gd-159 

Gadolinium-159 is prepared by sealing gadolinium oxide (1.1 mg) in a quartz vial. The vial is welded 
inside an aluminum can and irradiated for 30 hours in a reactor at a neutron flux :o 8 x 10 
neutron/cm*' sec. The contents of the quartz vial is dissolved using HCI. Water is added to obtain a solution 
of Gd-159 in 0.1 N HCI. 

so Example R Preparation of Y-90 

A non-radioactive Ytterium (Y) solution was prepared by dissolving 15.1 mg of YCI 3 '6H 2 0 irM 1.24 mL 
of water. A quantity of 1500 uL of this solution was added to a vial containing 0.5 mL of Y-90 solution 
(prepared by neutron irradiation of 1 mg of Y 2 0 3 followed by dissolution in 1N HCI to give a final volume of 
33 0.5 mL). 
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Example Q: Preparation of Yb-175 and Lu-177 

40 



When the procedure of Examples C. D. E or F are repeated using the appropriate oxide, the 
radioisotopes of Ytterbium-175 (Yb-175) and Lutetium-177 (Lu-177) are prepared. 



45 



SO 



5S 



Preparation of Rnal Products 

Example 1: Preparation and Biodistribution of Sm-DQTMP and Sm-153-DOTMP 

The ligand of Example A (22 mg) was dissolved in 878 ul of distilled water and 15 ul of 50 percent 
NaOH A volume of 15 ul of this solution was transferred to a vial containing 1.5 mL of Sm solution (0.3 mM 
Sm in 0 1N HCI spiked with 2 ul of Sm-153 tracer). The pH was adjusted to 7-8 using NaOH and the 
amount of Sm found as a complex was >99 percent as determined by ion exchange chromatography. Th.s 
yielded a solution containing Sm at 0.3 mM with a ligand to metal molar ratio of approximately 1 .5. 

Sprague Dawley rats were allowed to acclimate for five days then injected with 100 uL of the Sm 
solution described above via a tail vein. The rats weighed b tween 150 and 200 g at the time of injection. 
After 2 hours the rats were killed by cervical dislocation and dissected. The amount of radioactivity in each 
tissue was determined by counting in a Nal scintillation counter coupled to a multichannel analyzer. The 
counts were compared to the counts in 100 uL standards in order to determine the percentage of th dose 
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in each tissue or organ. The percent of the injected dose in several tissues are given in Table I. The 
numbers represent the average of 3 rats per data point 

TABLE I 



10 



15 



20 



% INJECTED 
DOSE IN 
SEVERAL 
TISSUES FOR 
Sm-DOTMP 1 



Tissue 


% Dose 


Bone 


58.1 


Liver 


0.06 


Kidney j 


0.27 


Spleen 


0.004 


Muscle 


0.15 


Blood 


0.004 



' Ligand to Sm Molar Ratio of approximately 1 .5 



25 



30 



35 



40 



example 2: Preparation and Biodistrlbution of Ho-DQTMP and Ho-1 66-OOTMP 

The .igand of Example A (22 mg) was dissolved in 878 uL of distilled water an d 1 1S iuL of 50 percent 
NaOH A volume of 30 uL of this solution was transferred to a vial containing 1 5 m L of Ho solutoon «M mM 
Ho in 0 1N HC. spiked with 2 uL of Ho-166 tracer). The pH was adjusted to 7-8 us.ng NaOH and the 
amount of Ho found as a complex was greater than 99 percent as determined by .on exchange 
chrom^ra^hy. This yieided a solution containing 0.6 mM Ho with a ligand to metal moiar rat,o of 

aPP SprTa?e ly Daw.ey rats were allowed to acclimate for five days then injected with 100 uL of the Ho 
solution deLS above via a tail vein. The rats weighed between 150 and 200 g « ^ J™ * 
iC a houS me rats were killed by cervical dislocation and dissected. The amount of rad.oactiv.ty >n each 
M w« de^ed by counting in a Na. scintillation counter coupled to a multichannel ana***. The 
counts were .compared to the counts in 100 uL standards in order to determine the percentage of tine dose 
ir! Jssue or organ. The percent of the injected dose in several tissues are g,ven ,n Tabie .I. The 
numbers represent the average of 3 rats per data point. 
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TABLE II 



JO 



rs 



% INJECTED 
DOSE IN 
SEVERAL 
TISSUES FOR 
Ho-OOTMP 1 


Tissue 


% Dose 


Bone 


57 


Liver 


0.07 


Kidney 


0.4 


Spleen 


O.9O6 


Muscle 


0.3 


Blood 


0.07 



Ligand to Ho Molar Ratio of approximately 1.5 



20 



25 



30 



35 



40 



* o r^-riuiD Qm.i^-DOTMP Ho-DOTMP and Ho- 166- 
Example 3: Preparation and Biodistri^ of SmgOTMP, Sm-153 DOTMP, ho 



DOTMP 



46 



A o.uan« 0, ,4.5 m 9 o, JJ. » 9 and o, Eiampf. . , - - ^ tn In O^N %££Z 
aM 5 m. of 50 percent NaOH. A volume •'"» | ^,™,^ l L, d , „as added. The pH of 
spiked Mh Sm-,53. »as placed In "*» a »^^°^ 'aaToaaed th,ou 9 h 3 pMk> oolumne 

de^nad to Oe *> eeroen, by oa«on rtrn***^ ^ „„ 

A volume of 1100 ILL of Ho solution (0.6 mM Ho In ajNHOT The pH of the solution wae 
paced in a aepatt.. via, add 20 UL o, meabove ^^?J^ZZ oo^alnlng ,.5 mL of 

SKis^s zxr * - - • — - - aeKrm,ned 

described above via a tail vein. The rats weighed between ,150 ana g Qf 
nours the rats were Wiled by cervlca. ^^ a ^^ZuZ ^ multichannel analyzer. The 
radioactivity determined by counting in ^ scmt,Ha^ c ounter c p ^ ^ ^ 

^TJ^rj^^^p^- * dose in several tiS8ues are 

gfven in Tabte £ The numbers represent the average of 3 rats per data pent. 
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TABLE III 



w 



15 



% INJECTED DOSE IN 
SEVERAL TISSUES FOR 
DOTMP METAL 
COMPLEXES 



Tissue 


Sm 


Ho 


Bone 


50 


64 


Liver 


0.37 


0.19 


Kidney 


0.29 


0.32 


Spleen 


0.04 


0.05 


Muscle 


0.49 


0.22 


Blood 


^0.12 


0.17 



20 



25 



30 



35 



Example 4: Preparation and Biodis^bution of GdgOTMP and Qd-1 59-DOTMP 

The ligand of Exampie B (14.5 m 9 ) was placed in a - - —^^t^ trice"! 
50 percent NaOH. A volume was added. The P H of 

»;sstijjks s :-rrr^^ - d 0S e h ach 

SLue or organ. The percent of the injected dose in several tissues are g,ven m Table IV. 

TABLE IV 



40 



45 



50 



% INJECTED DOSE IN 
SEVERAL TISSUES FOR. 
Gd-DOTMP 1 


Tissue 


% Dose 


Bone 


50 


Liver 


0.08 


Kidney 


0.25 


Spleen 


None Detected" 


Muscle 


0.08 


Blood 


0.06 



1 Ligand to via moiar raua ui ann 1 ^"'"*""' • — 

•counts in the spleen were below background background 
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70 



15 



" " . -h in QR3 a. of distilled water and 8 uL of 50 percent 

The ligand of Example B (15.8 mfl) £ £ fining 1.5 mL of Lu solution (0.3 mM 

NaOH A volume of 15 ul of this solution was ' 1 > * d t0 7 . 8 using NaOH and the amount 

^CN HC sp*ed wi» E e^ cHromatography. This yie,ded a solution 

conle^ - 100 a L of «.» 

Sprague Dawley rats ware allowed to 150 and 200 g at the time of inject^ 

solutions described above via a tail vein. The rats weighec ' ^wee q{ radioactivity m eaC h 

nUSs recent » »«g. »< 3 «■ P" «• •»'">• 

TABLE V 



20 



30 



% INJECTED 
DOSE IN 
SEVERAL 

TISSUES FOR 
Lu-DOTMP 1 



Tissue 


% Dose 


Bone 


54 


Liver 


0.08 


Kidney 


0.3 


Spleen 


0.006 


Muscle 


0.04 


Blood 


0.09 



Ligand to Lu molar ratio of approximately 1.5 



35 



40 



SO 



Example 6: Preparation and Biodistribution of Y^OTMP and Y-90-POTMP 

~ , e . ***** 200 al (0.0266 moles) of DOTMP from 

To tne soiution of V am. Y-90 ptepated in ^^^^ » »<»° H - ,N Na0R ST 

&am pi. B in ana me pH o. MM soU*en » ™£ ^J«o 9 ,apn, » *> >*> P— ■ ^ 

Ane, 2 hour, th. rats « « W^'SS^S Uted » • 

tissue wbs dM.rtpin.cl by counting in a « »™**° n ™ 1W ^ ^.rds In o-d.r to de»t»n.n. th. 
counts in e»=h »» ««• «^^ w ^. T L ^«»i^<'« ta '»^ M ~" 
Stn 0 ^'^ — - S - Pet - point. 
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TABLE VI 



/5 



% INJECTED 
DOSE IN 
SEVERAL 

TISSUES FOR 
Y-OOTMP 1 


Tissue 


% Oose 


Bone 


33 


Liver 


0.06 


Kidney 


0.35 


Spleen 


0.01 


Muscle y 


0.31 


Blood 


0.12 



' Ligand to Y molar ratio of approximately 1 .7 

20 ' 



25 Example W (Comparative) 

solution wS 7.5 and the percent of the Y as a complex was determined by cation exchange chromatog- 
aphy to bf>99 percent This yielded a solution with a ligand to metal molar ratio of approx.matel y 123_ 

3S Scrague Dawley rats were allowed to acclimate for eight days then .njected wrth 150 uL of the Y 
solu^s descrLd above via a tail vein. The rats weighed between 150 and 200 g atthe time o ^jection 
After 2 hours the rats were killed by cervical dislocation. Tissues were taken. we.ghed and the amount of 
SoaS in each tissue was determined by counting in a Nal scintillation counter coupled to a 
SSI", analyzer. The counts in each tissue were compared to the counts ^^tE^SS 

«, to determine the percentage of the injected dose in each tissue or organ. The percent ;« _the .njected dose 
in several tissues are given in Table W. The numbers represent the average of 5 rats per data pent 



46 



50 



55 
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TABLE W 



10 



15 



% INJECTED 
DOSE IN 
SEVERAL 

TISSUES FOR 
Y-EDTMP 1 


Tissue 


% U0S9 


Bone 


30 


Liver 


0.09 


Kidney 


0.30 


Spleen 


0.01 


Muscle 


0.58 


Blood 


0.15 



Ligand to Y molar ratio of approximately 123 



20 



(There are no Examples X and 



25 



Example Z (Comparative) 



tmpic ± tvwi»»K / 

. ka-"=s« ess* - ~~ in *■ — ** 



35 



40 



45 



c- 



-P03H2 



50 



^ two hour bio,ocar,zation of 
described. The results are given in Table ,X_The ^^.'^h.-PO.H, and a P« » 
andhydroxyethylidinediphosphon.cac.d (HEDP) ^ p. o .P0 3 H 2 linkage; and imidodiphosphate 

linkage, respectively; pyrophosphate (PYP) ^'^Xes ot these ligands are known skeietal agents. For 
0 DP) 9 which contains a N-P0 3 H 2 linkage -^^^^J^^ as diagnostic bone agen^ 
example. To complexes of MOT. HED ^^J^^Z^q Sm-153 to the skeletal system as 
However, these ligands were in *^ u r ^ liver and/or blood, 

exemplified by the large fraction after injection and the results represent 

Table Z shows the biolocalization of Sm-153 in rats two 
the percent of injected dose in tissue. 



65 



14 

i 



EP 0 375 376 A2 



TABLE Z 



70 



15 



20 



25 



% Dose 
In 


Sm-1 53 
MDP 


Sm-153 
HEDP 


Sm-153 
PYP 


Sm-153 
IDP 


Bone 


2 


21 , 


2 


0.6 


Liver 


85 


3.5 


73 


36 


Blood 


0.23 


13 


0.23 | 0.04 



The numbers given in Table Z for Sm-153-MDP. Sm-153-HEOP. Sm-153-PYP and Sm-153-.DP 
represent the average of the results of five. five, three and three rats, respecfveiy. 

Exa^7:P I e H rat1on 

A 0.1M so.ution of N-2-hydroxyethy.piperazin^^ 
Co.. St. Louis. MO) at a pH of 7.43 wa s , prepare* A , 0J»«N SSI 10 m I 
dissolving 68.2 mg (1.084 ■* MO-4 3 00 mL of 0.1M HEPES buffer 

serum vials was placed 0.600 mL (3 96 mole) of ^OJMP solufl torn ana ^ ^ 

solution. Each serum via. was then place d «" a drv >ce '^^^ as . dry white 
placed in a Virtis Freeze Dryer Appa aUis J* were Sen stoppered and sealed by crimping, 

powder in the bottom of the serum vials. The serum vials were «J» "JJJJ 1Q _ 4 fe) in 

These kits were formulated to receive 6 mL of either SmCI 3 (3 x 10"* mole) or H0CI3 (6 

0.1 N HCI. 



Example 8: Re constitute of Sm-OOTMP or Ho-DOTMP Kit Containing HEPES Buffer 

Example 9: Reconstitution and Biodistribution of SnvHEPES-OOTMP Kite 

A Kit from Exampie 8 was treated with M mL of SmC, (3 x JO-M 
The pH of the resulting solution was 7.5 and the percent of the Sm as a complex was 
cation exchange chromatography to be >99 percent Sm 

multichannel analyzer. The counts in each » » oomp^ to th«^^ dose in severe, 

to determine the percentage of the dose in each tissue or organ. The percent OTtne ™F™*> 
« tissuesTre givTn in Table VI.. The numbers represent the average of 3 rats per data point. 



55 



15 



TABLE VII 



% INJECTED 
DOSE IN 
SEVERAL 
TISSUES FOR 
Sm-DOTMP/HE- 
PES BUFFER 


Tissue 


% Dose 


Bone 


58 


Liver 


0.06 


Kidney 


0.29 


Spleen 


0.01 


Muscle 


0.18 


Blood 


0.06 



25 



Example 10: Preparation of Sm-DOTMP Kits Using Bicarbonate Buffer 



A 0 009M solution of DOTMP at pH 6.66 was prepared by adding 141.5 mg (2.25 x 10-4 mole) of 
DOTMP to 9 mL of 1N NaOH and diluting to 25 mL final volume. A 0.4M solution of sod.um bicarbonate 
(NaHC0 3 ) was prepared by dissolving 8.4 g of NaHC0 3 in 250 mL of water. Kits were prepared by adding 
30 mL of NaHCOa solution and 0.300 mL of DOTMP solution to each of seven 10 mL serum vials and 
30 treating them as described in Example 7 to give the final kit containing a white dry sol.d^ ™"»>rt"«» 
formulated to receive 6.0 mL of SmCfe (3 x 10-M) in 0.1N HCI which would give a Ugand to metal ratio of 
1.5:1. 



33 Example 11: Reconstitute and Biodistributlon of Sm-DOTMP Kits using Bicarbonate Buffer 

A kit from Example 10 was treated with 6.0 mL of SmCI 3 (3 x 10-M I spiked I with Sm-153) in 0 1NI HCI. 
The pH of the resulting solution was 6.55 and was adjusted to 7.27 by the add.tion of 60 uL of 1 N NaOH. 
The percent of the Sm as a complex was determined using cation exchange chromatography to be >99 

40 + 

P8r °sSrague Dawley rats were allowed to acclimate for five days then injected with 100 ttL of the Sm 
solutions described above via a tail vein. The rats weighed between 150 and 200 g at the time of .njection 
After 2 hours the rats were killed by cervical dislocation. Tissues were taken, weighed and the amount of 
radioactivity in each tissue was determined by counting in a Nal scintillation counter coupled to a 
45 multichannel analyzer. The counts in each tissue were compared to the counts in 100 uL standards ir .order 
to determine the percentage of the injected dose in each tissue or organ. The percent of the injected dose 
in several tissues are given in Table VIII. The numbers represent the average of 3 rats per data point. 
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TABLE VIII 



10 



15 



% INJECTED 
DOSE IN 
SEVERAL 
TISSUES FOR 
Sm-DOTMP' 'BI- 
CARBONATE 


Tissue 


% Dose 


Bone 


65 


Liver 


0.07 


Kidney 


0.34 


Spleen 


0.01 


Muscle 


0.30 


Blood 


0.04 



20 



Ligand to Sm molar ratio of approximately 1.5 



25 



30 



35 



40 



45 



Example 12: Preparation of DOTMP Kit Using Excess Base 

A 0.009M solution of DOTMP was prepared as J° «J ^^"sS^ 2S 

Example 7 to give the final kit containing a whits dry sol.d. These k.ts were formu.aiea to 
SmCIs , (3 x 10~*M) in 0.1N HCI which would give a ligand to metal ratio of 1.5.1. 

Exampje 13: Rg^onsjit^ and Bjc^istribu^ of OOJMP Kite Using Excess Base and Phosphate Buffer 

A kit from Example 12 was treated with 5^4 mL of SrnCJ (3 xtO^IJ I *■« g^™™ ™ 
and 0.6 mL of SmCI 3 (3 x 10-M •^^^^JSJJS ^200 ml of 1.05M phosphate buffer 

^^^^^^ ch^tography to 

^^rDawlev rats were aHowed to achate for five 

so.utions described above via a tail vein. The rats '^-J^JJ^^^wd the amount of 
After 2 hours the rats were killed by «^ rf d f»*£ B «Ta NaT sdSaton counter coupled to a 
radioactivity in each tissue was determined by counting in a Nal ' dard s in order 

multichannel analyzer. The counts in each tissue were compared to the counts in 00 ^ s ^ 
to determine the percentage of the injected dose in each tissue or organjhe percent ; of me u 
n several tissues are given in Table IX. The numbers represent the average of 5 rats per data pomt. 
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TABLE IX 



70 



% INJECTED 
DOSE IN 
SEVERAL 
TISSUES FOR 
Sm-DOTMPVP- 
HOSPHATE 



15 



Tissue 


% Dose 


Bone 


59 


Liver 


0.85 


Kidney 


0.41 


Spleen 


O.fe 


Muscle 


0.35 


Blood 


0.11 



20 



'Ligand to Sm molar ratio of approximately 1.5 



W Example 14: Preparation of 18 mL Ho-DOTMP Kits 

A 0.009M solution of DOTMP at pH 6.66 was prepared as described in tag ,10 J^J^J™ 
was added suoh that the final solution was at pH *™J^J%£» ^X^^slerelen 
oo solution and 2.100 mL of 1H NaOH so.ut.on to solid . These kits were 

3S Example 15: Reconstitution and Biodistribution of 18 mL Ho-DOTMP Kte 

* j -.o ft ~i «♦ w«ri, IB k 10"*M soiked with Ho-166) in 0.1 N HCI. 
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TABLE X 



70 



IS 



% INJECTED 
DOSE IN 
SEVERAL 
TISSUES FOR 
Ho-DOTMPVPH- 
OSPHATE 


Tissue 


% Dose 


Bone 


60 


Liver 


0.12 


Kidney 


j 0.35 


Spleen 


0.08 


Muscle 


0.21 


Blood 


0.04 



20 



Ligand to Ho molar ratio of approximately 1 .5 



a second vessel containing the chelant. 



30 



Claims 

radical of the formula 



35 



40 



45 



50 



/ 



\ 



c 
I 

Y 



(I) 



wherein- X and Y are independently hydrogen, hydroxy!, carboxyl. phosphonic or hydro^n radicals 
ET.iT! carbon atom's and physically acceptable . salts of the acjd radca.s; and ,s -3 
wherein when n>1. each X and Y may be the same as or d.ffererrt ^n***™**"* ^ 
atom, and (2) at least one radionuclide of Sm-153. Gd-159. Ho-166. Lu-177. Y-90 or Yb-175. and 
wherein the resulting compositions is therapeutically effective. 

structure 



55 



19 



i- N «~\ (ii: 
i — „ — | 



B 



I I ^ 



10 



wherein: substituents A. B, C and D are independently hydrogen, hydrocarbon radica.s ha.ng from 1-8 
carbon atoms, or a moiety of the formula 



75 



20 



C — COOH 



PO3H2 , or — 



Y ' 



I 

C-tOH; 



n' 



30 



35 



40 



45 



SO 



55 



tetraara^^ «* ° f * P^^io og.ca Hy acceptab.e salt. 

^SSS-Won of any one of the preceding claims wherein the radjonuCde is Gd-159. 
6 The composition of Claim 1. 2. 3 or 4 wherein the radionuc ide is Sm-153. 

7. The composition of Claim 1 . 2. 3 or 4 wherein the rad onuci.de is Lu-1 77. 

8. The composition of Claim 1, 2. 3 or 4 wherein the radionuclide is Yb-175. 

9. The composition of Claim 1. 2, 3 or 4 wherein the radionuclide is Ho-166. 

,6 A pSceTc* tensor which comprfsea the common as corned m an, one of the 
^£^Z»<SSSSS. congee a buffer, ana M f. , 

therapeutic treatment of an animal having one or more calcific tumors, 

2?The composition of Claim 20, for use in therapeutic treatment of cancer. 
22 The composition of Claim 20. for use in the palliation of bone pain. 

23. A kit for the formulation of a composition as claimed in any one of Claims 1 to 17. which 
rS n ve e s S sel containing at least one radionuclide as defined in Claim 1 . and 
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